A total of 106 children with symptomatic urinary tract infection (73 girls and 33 boys, 0-15-9 years of age) were studied by means of a dimercaptosuccinic acid (DMSA) scan, renal ultrasound, and a desmopressin test during infection and at follow up approximately two months later. At follow up they were also investigated by means of intravenous urography (IVU) and micturition cystourethrography (MCU).
The cumulative risk of contracting a symptomatic urinary tract 
Results
During infection 23 children (13 boys and 10 girls, 0-3-6 (median 0-2) years of age) had a normal DMSA scan. Eighty three children (20 boys and 63 girls, 0-1-15-9 (median 1-0) years of age) had an abnormal DMSA scan (130 kidneys). The age distribution of children below 1 year of age in relation to findings on DMSA scan during infection is shown in fig 2. At follow up no child in the normal group showed changes in the DMSA scan and 28 children originally with an abnormal DMSA scan had become normal. Thus at follow up 51 children had a normal DMSA scan and 55 children had persistent changes in 68 kidneys.
LABORATORY PARAMETERS
The C reactive protein concentration during infection in the two groups is shown in fig. 3 . The median C reactive protein in the patients with normal DMSA scan was 15 mg/l, significantly lower than in those with abnormal scans where the median was 98 mg/l (p<0-001). In the normal group, 10 out of 23 children had a C reactive protein concentration >20 mg/l, which might indicate that they hadacute pyelonephritis. In seven of these children, all with C reactive protein >32 mg/l, there was, however, an ongoing upper respiratory tract infection that might have been responsible for the raised C reactive protein. In the abnormal group, six children had a C reactive protein concentration <20 mg/l, indicating a lower urinary tract infection. Therefore, the C reactive protein did 16 During infection the SD score for renal concentration capacity was available for 68 children and is shown in both groups in fig 4. The median SD score for the abnormal group was significantly lower than in the normal one (p<OOO1), but there was overlapping between the two groups. In the normal group, one child had an SD score <-2 SD score, while in the abnormal group, 10 children had a normal SD score (>-2 SDS). Thus in 16% of the children there was a disagreement between findings in the DMSA scan and the desmopressin test. At follow up, the SD score for renal concentration capacity was available for 63 children. It was significantly lower in the children with DMSA changes than in those without (p<005) (fig 5) , but there was a large overlap between the two groups. had VUR, but it was significant in only two children (grade 3 reflux in three kidneys process.'4 5 The normal DMSA scans seen in the smallest infants suggest that this process already is mature in these infants, although this may vary between individual infants. In our experience, however, the quality of the DMSA scan in infants under 2-3 months of age is not always satisfactory and it would seem wise not to rely on this method to diagnose acute pyelonephritis in these young infants.
The renal concentration capacity is often used to differentiate an upper urinary tract infection from a lower one. '6 In the present study the renal concentration capacity was significantly lower in the children with changes in the DMSA scan both during infection and at follow up. However, there was a marked overlapping between the two groups at all times, making it difficult to predict changes in the DMSA scan from the desmopressin test. Moreover, for children under 6 months of age, normal values for the concentration capacity are not available. 7 Therefore, although the desmopressin test shows a difference between the two populations with a normal and an abnormal DMSA scan, it is not a reliable test to differentiate an upper urinary tract infection from a lower one in individual cases. A non-invasive direct method for diagnosing an upper urinary tract infection in children is needed. The use of ultrasonography in this respect has not turned out to be as successful as was initially hoped, as shown by the present study and others.8 18 In the majority of cases the differentiation between lower and upper urinary tract infection can be made on a clinical basis, however. We therefore believe that in children over 3 months of age in whom acute pyelonephritis is suspected but clinical and laboratory parameters are ambiguous, a DMSA scan should be performed in order to verify the diagnosis. This procedure could help to identify the children who are at risk and spare many children unnecessary investigations and follow ups.
Abnormal findings in other radiological investigations were scanty in children with a normal DMSA scan. The most common finding on ultrasound or IVU in these children was a slight dilatation of the renal pelvis or ureter that was considered to be of no significance. In these cases the presence of VUR was suggested and this was the case in five out of six kidneys. The presence of double ureters was easily detected by IVU but was not detected by the DMSA scan. Although this finding is usually considered to be of no significance, it is interesting to note that all these kidneys showed defects in the DMSA scan during infection and all but one at follow up. This suggests that these kidneys are at risk in children with a urinary tract infection and is in agreement with a previous report. '9 The overall frequency of VUR in the present study was 25%, which is similar to that reported by others.5 20 21 During infection VUR was associated with DMSA changes in all but three children and in only one child was the reflux significant (grade 3). This child showed a slight dilatation of the renal pelvis on ultrasound. At follow up the DMSA scan had become normal in an additional two children with VUR, one of whom had a significant reflux (grade 3). The children with significant reflux were boys aged 3 and 5 months. MCU is the definitive method of demonstrating VUR, although radionuclides are being used more frequently.22 MCU is a rather unphysiological investigation and is often a cause of great distress in children and parents. Most authors agree that an MCU should be carried out in all children with urinary tract infection under the age of 1 year as these children are at high risk of developing renal damage.23 24 Whether this investigation should be performed routinely in older children with a urinary tract infection is a matter of debate.3 4 25 In the present study, a normal DMSA scan indicated a low risk of finding a significant pathology of the urinary tract. It would therefore seem safe not to perform MCU as a routine investigation in children with a urinary tract infection over 1 year of age, provided that they have a normal DMSA scan either during or approximately two months after infection and a normal ultrasound during infection.
In conclusion, our present results indicate that a DMSA scan is a sensitive method to distinguish between upper and lower urinary tract infection in children and we suggest that it should be used to verify the diagnosis in children in whom there is a suspicion of acute pyelonephritis but the clinical and laboratory parameters are ambiguous. Moreover, the results indicate that an MCU may be safely omitted as a routine investigation in children over 1 year of age with a urinary tract infection who have a normal DMSA scan during infection or at follow up approximately two months after infection and a normal ultrasound during infection. 
